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RESEARCH MEMORANDUM

FULL~SCALE WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF WING
MODIFICATIONS AND HORTZONTAL-TATI. LOCATION ON THE
LOW-SPEED STATIC LONGITUDINAL. CHARACTERISTICS
OF A 35° SWEPT-WING AIRPLANE

By Ralph L. Maki
SUMMARY

L Tests have been made in the Ames 40~ by 80-Ffoot wind tunnel to
evaluate the effects of wing modifications on the static longltudinal
characteristics of & 35° swept-wing airplane. The wing modifications

- were designed to replace existing wing slats as low-speed high-1ift
devices. The principal modification incorporated canmber over the forward
portlon of the chord arnd an lncreased leading-edge radius. The airplane
was tested wilth the horizontal taill on and off and in a lowered position.
A1l configurations were tested at a Reynolds number of 8.4t x 10%, and
some were tested over a range of Reynolds numbers from 3.2 X 106 to
12.3 x 108.

The full=-span modified wing leading edge provided an increment of
wing maximum 1ift somewhat greater than given by the slats. In contrast
to the flat-topped 1ift curves with the slats open, the 1lift curves of
the alrplane with the modified wing leadlng edge were characterized by

, &n abrupt loss of 1ift beyond meximum 1ift; further, the airplane with
the modified wing leading edge was longitudinally unstable beyond maximm
1ift, whereas the slats-open configurations were stable. The signifi-
ca:ace of these changes in characteristics in terms of the Flying quali-
ties of the alrplane at maximum 11ft was difficult to judge in view of
past inconsistencies between pllot opinions and conclusions drawn from
static wind~tunnel~test results.’

Additional wing modificatlons were tested in an effort to alter the
- characteristics of the airplane with the modified wing so &s to compare

more closely with the characteristics of the slats-~open configuration.
One modification was successful both in rounding the lift-curve peak and

—RESTRICIED-
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in providing longitudinal stability beyond meximum 1ift, but at the

expense of a loss in wing meximum 1ift. This configuration consisted of

an outboard T6-percent-span modified leading edge, and & spoiler at the £
leading edge of the unmodified inboard sections, with a sharp discon-

tinuity 'be'bween the two portions of the wing leadlng edge. ‘-

The lower horizontal-tail position improved the longitudinal
stability of all configurations nesr maximum-1ift. With the taill in
the lower position, the airplane with the modified wing leading edge
had pltching-moment characteristics which were considered acceptable.

INTRODUCTION

Flow separation and its attendant effects on aerodynamic charac-
teristice appear at progressively lower wing lifts as the sweep of
wings is increased. Various wing high-1ift devices are belng used to
delay the separation and thus extend the maximum usable 1i1ft range of
swept wings. Such devices as wihg leading-edge slats and leading-edge
flaps, in addition to trailing-edge f£laps, have proved successful.
However, such devices entall complex mechanical installations and add -
considerable weight to the airplane. Recent studies, such as those of
references 1 to 3, have shown that modified wing sections, utilizing
moderate amounts of camber over the forward portion of the chord and g
increased leading-edge radii, also can be deslgned to delay the occur-
rence of flow separation to higher 1ifts. Such high-1lift wing sections
would eliminate the structural disadvantages of leading-edge devices
such as slats.

The primaxry purpose of the study reported herein wasg to evaluate
the effects on the low-speed static longitudinal charscteristlcs of an
F~86A airplane when the existing slats were replaced. with a wing-section
modification similer to those considered in references 1 to 3. To ald
in the design of the modification, the two-dimensionsl characteristics
of the wing sections with slat closed and open were compered with the

charscteristics of the section with the selecte& leading-edge modification

Other studies, such as that of reference 4, have ghown that a
lowered horizontal-teil position has a favorable effect on the longltu~
dinal stability of swept-wing configurations at high 1ifts. Accordingly,
teste were made on the subject alrplene with both the normal and ‘the
modified wing leading edges with the harizontal tall at & lowered
position.
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NOTATION

aspect ratio

wing span
local chord, measured perpendicular to the wing quarter-chord line

local chord, measured parallel to the plane of symmetry

b/=
[
b/2
[ e
o

section chord~force coefficient

mean aerodynamic chord

drag coefficilent

drag coefficient due to wind-tunnel-wall interference

1ift coefficient

gsection 1ift coefficient

pitching-moment coefficlent, referred to 0.258
(See fig. 1.) '

pitching~-moment coefficient due to wind-tunnel-wall interference

section normal-force coefficient

Reynolds number %)

free-stream velocity

distance along airfoil chord, referenced to the leading edge of
the unmodified alrfoll sections

spanwise distance, measured from the fuselage center line

- '-;--.-.iii
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height above the wlng reference plane, which is defined by the
wing quarter-chord line and the chord of the unmodified
section at 0.663 7

airplane angle of attack, measured with respect to the wing
reference plane

angle of attack of the two-dimensional models

increment of sirplane angle of attack due to wind-~tunnel-wall
interference

trailing-edge flap deflection, measured perpendicular to the flap
hinge line .  __ .

fractlion of semispan <%?;)

kinematic viscosity
Subscripts

horizontal tall

lower

upper

maximam

MODELS AND AFPPARATUS

Two=Dimensional Models

Two=-dimensional tests were made of three alrfoil sectlons. The

profiles of the three models were: (1) that of the airplane wing
section normal to the wing quarter-chord line at 0.857 semispan;

(2) the same section with the slat open; and (3) the same section modi-
fled by adding camber to the forward portion of the chord and increasing
the leading-edge radius. The cocrdinstes of these proflles are given

in table I, The models, made of laminated mahogany, had 2~foot chords
and spanned the 2-foot height of the 2~ by 5-foot openw-circult wind
tunnel in which they were tested. Each model was equlipped with about

40 pressure orifices at the midspan station.

T
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Full-Scale Alrplane

Unmodified airplane.~ The investigation of the test alrplane was
made in the Ames 40~ by 80-foot wind tumnel. A three~view sketch of .
the airplane is shown in figure 1; pertinent geometric date are listed
in table IT. :

The photographs of figure 2 show the eilrplane mounted on a three-
strut support in the wind tunnel, The main landing gear was removed o
accommodate £ittings for supporting the airplane on the front strubs.
ILoads were transmitted Ho the rear strut through a& boom placed in the
fuselage and attached to the horizontal-tail supports and to the
aft~fuselage-section attachment lugs. To accommodate the tail-support
system, the engine was removed.

The removal of the engine required that the air-inteke duct dand
the cooling ducts on the fuselage be sealed for sll the tesis. For
most of the tests these were the only seals added to the airplane. For
certain tests, however, the gaps between the glat segments (see fig. 1)
were sealed and, wlth the slats closed, the slat~to~-wing Jjunctures also
were sealed.

Coordinates of +the wing sections normal to the wing gquarter-chord
line at 0.467 and 0.857 semispan are given in tasble III; these coordil-
nates. are given with respect to the wing reference plane which is
defined by the panel quarter-chord line and the chord of. the section
at 0.663 semispan taken normal to the wing quarter-chord line. Profiles
of & typical wing section with slat closed and open are given in

figure 3{(a).

Modifications.~ A full-span application was made of the modified
wing section tested two-dimensionaliy. A typilcal profile of the modl-
fled section is shown in figure 3(b). The full-scale modification was
effected by replacing the leading edges of the wing with wood blocks
contoured to the modified-section coordinates. The installation,
referred to as wing modification 1, is shown in the photograph of
figure 4. Coordinates of the modifled sections normal to the wing
quarter-chord line at 0.46T and 0.857 semispan are given in table IV.

The modified wing sections were later cut back to the original
sections from the wing-fuselege juncture to 0.242 semispan. With a
gmooth fairing used between the two portions of the wing, the configura-
tion is referred to as wing modification 2. With a sharp discontinulty
used between the two portlons and with a spoiler extending from the
fuselage to 0.242 semispan, the configuration is referred to as wing
modification 3. These modificatlons are shown in figures 5,.6, and 7.

. SRR

- -



6 [ g NACA RM AS2BOS

The alternate horizontal-tall position used for some of the tests,
described in figure 1, lowered the horizontal tail from O. 208 7 to 0.103 1 -
above <&. The installation is shown in the photograph of figure 8.

TESTS AND RESULTS

Two~Dimensional Tests

Te two-dimenslonal models were tested at a Reynolds number of
2.1 X 10® over an angle-of -attack range from -6° to well beyond maximum
1ift., The tests consisted of pressure-~distribution measurements which
were integrated over the chord to determine the section normsl-force
coefficients. Section 1ift coefficients were determined for only a few -
test points according to the expression :

e¢; = cp co8 do = cc 8in. dg

since it was found that there were only negligible differences between -
the normal-force and 1ift coefflcients. The test results are presented

in figure 9.

Full-Scale Tests

The three-dimensional test results are presented 1n figures 10
to 18; +table V serves as a guide to facilitate reference to the filgures.
Three-component force characteristics were measured on all configura~
tions at a dynamic pressure of approximately 35 pounds per square foot.
This corresponds to a Reynolds number of about 8.4 x 10%° based on the
megn aerodynsmic chord, and approximates the Reynolds number at which
flight tests indicate the omset of stall on the airplane in the landing
approach. Tuflt photographs were taken at selected angles of attack for
several configurations at this same Reynolds number. Force date recorded
while the tufts were on the wing indicated no significant changes in
serodynamic characteristics due to thelr presence. Several configura-
tions were tested over a range of Reynolds numbers from 3.2 X 10% to
12.3 x 108; the Mach number varied from 0.06 to 0.23 for this range.
A1l configurations were tested over an angle~of-attack range from 0° to
beyond stell.

All the tests were made with the tralling-edge flaps deflected -
either 0° or 38° (maximum deflection). The asilerons and rudder were
get in the undeflected positions. For tests with the horizontal tail
on, the elevator and horizontal stabilizer were set at 0° with respect

=
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to the wing reference plane. The wilng slats were locked In either the
closed or the open position, and were umnsesaled except for the test
results presented 1n figure 11.

CORRECTIONS

No corrections were applied to the two-dimengional data.

The three~dimensional datas have been corrected for stream-angle
Inclination, wind-tunnel-wall interference, and the interference effects
of the support struts. The corrections used were those for an unswept,
untapered wing. The wall-Iinterference corrections added were as follows:

ap = 0.60 Cr,
Cpp = 0.011 C1.®
Cmp = 0.008 Cy, (tail-on datae only)

T™he effects of sealing the fuselage intake duct and the Interference
effects of the landing~gear stub struts used to mount the sirplane on
the 1ift struts are unknown.

DISCUSSION

Design of Wing Modification 1

The design of the proposed type of leading-edge modification was
epproached from two-dimensionel maximum 1ift consilderations. This
approach was selected on the basis of the analysis presented in refer~
ence 3, which showed that initial stall on a swept wing is directly
related to the stalling characteristics of the airfoll section taken
normal to the wing guarter-chord line at the spanwise locatior of
initial stall. TIn the case of the F-86A airplane, £light tests indi=-
cated that initial stall occurred near 0.86 semispan. Conseguently,
the section normal to the wing gquarter-chord line at thils span station
was used to evaluate the section maximum 1ift wilth the slat extended
and thus estsblish a criterion for the selection of a leading-edge
modification. The results of the two-dimensional tests (fig. 9) showed
that the slat increased czmax of the unmodified sectlon by 0.71l.

.
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Theoretical pressure distributions were computed for the section
with several arbilitrsry leading-edge modifications. The distributions
were adjusted to such c; values that the pressure coefficients at
0.005c were all equal to the pressure mesasured at this chord station on
the wnmodified sectlon at  lmax® These c¢; values were used as the

approximste ey provided by the various modifications. These

studles indicated that more than 2-percent camber in addition fto a
2-percent~chord leading-edge redius probably would be needed to equal
the ¢y of the unmodified section.with the slat extended. However,

it was felt that the magnitude of the modification should be held to a
minimim because of posslible adverse effects of large section changes on
the high-speed aserodynamlc characteristics., In view of these considera-
tions, the modification-described in table I was selected for testing.
The two-dimensional test results (fig. 9) showed that the selected
leading-edge modification increased c¢; by only O. 46 or 0.25 lesse

than provided by the slat. Additional section modifications to obtain
an Increment of ¢y equal to that of the slat were not tried since,

as indicated above, any further increase in camber was considered
undesirable from a high-speed standpoint.

The leading-edge modification was applied over the full span of
the wing rather than over the partial span used for the slats, since an
analysis by the method of reference 3 indicated that the highest 1ift
effectiveness would result thereby.

Test Results for the Alrplane

The high=1l1ft effectiveness of the slets and wing modifications
will be examined on the basis of the value of maximum lift,l the longl-
tudinal stability at maxiwmm 11£t, and the shape of the 1lift curve near
maximim 1ift. The charascter of the lift-curve pesk is examined on the
presumption that well-rounded peaks are indicative of (1) adequate stall
warning to the pllot, probably noticeable in the form of buffeting, and
(2) less severe rolling tendencies at the stall; both by virtue of a
more gradusl stall progression on the wing. It should be noted that
longitudinal stability at stall and a rounded lift-curve peak cannot be
consldered as absolute criteria since the evidence of flight-test results
1s not slways 1n accord with conclusions drawn from these criteria.

17¢ will be noted in the test results that, because of the moderate
sweepback of the wing, the wing 1ift at which slgnificant changes
accur in the serodynemic characteristics is nearly equal to the wing
maximum 1ift, Hence, reference will be made to CL as represent=-
Ing the occurrence of initial stall on the wing.

_
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The most pertinent data are those obtained at the Reynolds number
of 8.4 x lO6 corresponding to the landing-spproach condition. The
results at other Reynolds numbers will be briefly considered.

Unmodified wing with slats.- The slats in.creased CL mex from
1.09 %o 1.3% with flaps up and from 1.33 to 1.6% with flaps down
(fig. 10(a)). The airplane wes longitudinally steble beyond maximim
1ift only wher the slats were extended. The 1lift curves of the four
configurations are all gquite flat in the region of maxXimum I1ift. With
slats open and flaps up, the 1lift remains within about 0.05 of C1.

over an angle-of~attack range of 20° to 29° (the maximum tested).

A comparison of the results presented in Pigures 10(a) and 10(b)
shows that the horlzontal teil in the normal position did not materislly
alter the longitudinal stability beyond stall.

T™e results presented in figure 11 show that the 1ift effective~
ness of the wing was influenced by leakage around the slats. With the
slats in the retracted position and with all gaps sealed, Cr,,, Was

increased by an increment of 0,10, and the drag was reduced throughout
the 1ift range. With the slats extended and with the gaps between the
slat segments sealed Cy, was still increasing at the highest angle of
attack tested; at this angle of attack it exceeded CIM for the
ungealed conditlion by an increment of 0.12.

Wing modification l.- The Crg,.. of the girplane with the modified

wing sections was 1.42 and 1.72 with flaps up and down, respectively,

(fig. 12(a)). Thus the increment in maximum 1ift coefficlent provided
by wing modification 1 was 0.08 greater than for the slats with flaps

both up and down. This wes apparently due in part to the greater span
of the modification compared to the slats, and in part to the leakage

effect noted for the slat configurations.

Although wing modification 1 produced the desired high maximm 1ifd,
it was not as satisfactory as the slats with respect to the other two
criteria mentioned previously. First, the ailrplane with wing modifica-
tion 1 was longitudinally unsteble, both with flaps up and flaps down,
beyond meximum 1ift, Second, in contrast to the flat~topped 1ift curves
with slats extended, the 1ift decreased abruptly beyond meximum 1ift
with wing modification 1.

A comparison of the results presented in figures 12(a) and 12(b)
shows that the horizontal tail in the normal position did not signlfi-
cantly affect the longitudinel stebility beyond maximum 1ift.

Reynolds number effects.- The effects of changes in Reynolds number
on the characteristics of several of the configurations thus far discussed

SR




10 = S NACA BM A52B05

are presented.in figures 13 and 14, The variastion of Crg,, with

Reynolds anumber, summarized in figure 15, shows that the results at all
higher Reynolds numbers were simllar to the results at 8.4 x 10®. with
decreasling Reynolds number, however, Crp,, with wing modification 1
decreagses more rapldly than with the slats extended.

The character of the 1ift curves nesr maximum 1ift was not gignifi-
cantly altered with variations in Reynolds number.

The longitudinal-stability characteristics beyond maximum 1ift for
most configurations did not significently change with changes in Reynolds
number. However, with slats open and flaps down, the alrplane was
unstable at the lowest Reynolds numbers; this instability disappeared-
wlth increasing Reynolds number.

Additlonal wing modifications.= To ald in determining possible
measures to alter the abrupt liftecurve peak and umstable pitching=-
moment characteristics beyond maximum 1ift of the alrplane with wing
modification 1, the stalling cheracteristics of all wing configurations
were evaluasted by mesns of tuft studies. The photographs with the slats
extended (fig. 16(c)) indicste an area of flow separation near the wing
root that was not evident with the slats closed (fig. 16(a)). It was
believed that this separation was responsible for the favorable Cp
variations gt high 1ifts for the slats-open configurations as cbserved
in the results presented in figures 10(a) and 10(b). In an attempt to
produce such an area of stall near the wing root, the other wing modifie-
cations described in table VI were investigated. The primary purpose of
each ltem in table VI is indicated by 1ts deslignation as elther a stalliw-
generating or a boundary-layer=-control device. .

The coubination of devices designated as_wing modification 3 (fig. 5,
detall B) was the only modification which provided the desired longitu-
dinal stability, both flaps up and flaps down (fig. 17). With the flaps
up, the 1ift curve was flat topped, and with flaps down the abruptness
of the peak was somewhat alleviated., With the flaps up, wing modifics~
tion 3 provided a value of Crp.. which was 0.21 lower than with the

slats open, and 0.29 lower than with wing modification 1.

Results obtained with the configuration designated as wing modifi-
cation 2 also are given since they are typical of the results obtained
with most of the other modifications. A slight rounding of the lifte-
curve peak was obtained with flaps up, but there was no improvement in
the longitudinal stability at maximum 1ift (fig. 17). Visual observa-
tions of the flow, as evidenced by tuft ection, indicated an area of
separation near the wing root localized near the w1ng leading edge.

flow to reattach to the wing surface, thus preventing sectlon stall.

1z vy _
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The success of wing modification 3 is attributed to the fact that
the spanwlse drainsge of the boundary layer from the inboard region of
the wing d1d not oceur. Tuft studies showed the flow actually to be
directed inboard. Hence the spoiler over the inboard part of the span
was as effective in producing early section stall as it is in two=-
dimensional flow, The cbstructlon of the usual spanwise boundary-layer
dralnage 1is believed to have been due to an effect of the shaxrp discon-
tinuity in the wing leading edge at 0.242 semispan. It was concluded
from the tuft studies that a strong vortex was shed at the discontinuity.
The rotation of a vortex from the discontinulty would be in the proper
direction to direct the boundary-lsyer flow inboard and thus counteract
the normsl outboard draeinage. Exemination of the tufts indicated that
the sharp discontinuity in the wing leading edge with the slats extended
hed a similar effect. ' '

Effects of an slternate horizontal-taill position.- The results of
tests of the airplane with the horizontal tall in the lower position
(fig. 18) indicated definite longitudinal-stability improvements at high
1ifts for all confilgurations. With this alternate horizontal-taeil locsa-
tion, the airplane with wing modification 1 had pitching-moment charac-
teristics which were believed to be acceptable.

Comparison of Test Results With Predictions

The procedure of reference 3 has been applied to predict the Cy,

at which initial stall occurs on the wing for several of the configura-
tions tested. The two-dlmensional test results described in this paper
were used for the predictions together with estimates of the flap effec-
tiveness made from the data in reference 5. The method of reference 3
also was used to estimate the airplane longitudinal stability beyond
stall.

The point of sudden drag rise observed in the force~test results
was used to indicgate the Cj, for initial stall for comparison with the
predicted values. A summsry of the predicted and measured results is
given in table VII. The measured results presented are ‘those for the
lowest Reynolds number at which the airplane was tested (R, 3.2 x 10°),
since the effective Reynolds number of the wing sections (sections taken
normal to the wing quarter=~chord line, and based on the component of
free~-gtream velocity in this dlrection) then most nearly corresponded
to the Reynolds mmiber of the two-dimensional tests (2.1 x 10%). The
method of reference 3 does not consider the effects of s horizontal
tall; hence the comparisons were made with tail-off data when available.
The predicted Cr, for initial stall was conservative in all cases.

The inecreases in Cy Tfor initial stall provided by the various high-1ift

WSTTIC D
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devices were predicted quite well, differing from the measured results
by no more than 0.07 in any case where tail-off date was available, and
differing by 0.13 for the case with the horizontal tail on. The quali-
tative estimates of the airplane longitudinal stability beyond stall
were satisfactory. '

CONCLUDING REMARKS

A full-span modified wing leading edge, which incorporated camber
over the forward portion of the chord and had an increased leading-edge
radius, provided increments of wing maximum 11ft coefficient at least
0.08 greater than given by the wing slats s both with flaps up and flaps
down, at Reynolds numbers from 8.k x 10%® to 12.3 X 108, The results at
lower Reynolds mumbers were less favorable. With the slats extended,
the unmodified airplane was longitudinally stable beyond maximm 1ift
and displayed a flat-topped 1lift curve near maximm lift. However, with
the modified wing leading edge, the airplane was longltudinally unsteble
beyond maximum 1ift and the lift-curve peaks were gulte abrupt.

The ailrplane with the modified wing leading edge was made longitu~
dinally stable and also, wlth flaps up, displayed a flat-topped 1lift
curve when low maximume-l1lft sections were used near the wing rocot, and
a megns of obstructing the spanwise boundary-layer dralnage over this
region (in this case, a sharp leading-edge discontinuity) was provided.
These changes were accompanied by a loss in Cp of 0.29 and 0.24

with flaps up and down, respectlvely, below the results with the full-
span modificaetion. :

Lowering the horizontal tall had a stabllizing effect on all con-
figurations tested. The alrplane with the full-span wilng modification
had pitching-moment characteristics whilch were considered acceptable
with this alternate horizontal-tail poslition.

Predictions of the wing 11ft coefficient for initial stall by the
method of reference 3 for several wing configurations were comservative.
The increases in Cf for initial stall provided by the variocus high-
1ift configurations were predicted gquite well., Qualitative estimates
of the longitudinal stability beyond maximm 1lift were satisfactory.

Ames Aeronautical Isboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif.
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TABLE T,~ COORDINATES OF THE TWO-DIMENSIONAL MODELS
[Dimensions given in percent of chord]

Airfoll sur-
Basic profile Slat lower face beneath Modified
surface slat leading edge
x Zu Z3 X Z X Z X Zu Z1
o} 0,16} = = =] 3.84 |=2,60] 3.89 | -2.57| =1.98 |=2.15 |= = =
oll{' 'h‘l" "'0.71[' l".96 -1-08 5.66 "071- "lo% ".73 —301{'8
.28 BT | = 6.05 | =06} 7T.33 Ahl <1.00 | =.16 | =3.89
iy B9 =117 T.1k L] 8.99 1 1.31 -50 W31 | =k 1k
701 1,11 | =1.,k0f 8.23 | 1.40]| 10.66 | 2.01 0 .72 | =4.28
1,170 1.4 | =1.73] 9.32 | 1.94| 12.32 | 2.60 50 | 1.06 |=k.39
2.3} 2,02 | ~2.28 | 11.50 | 2.79| 15.66 | 3.57 1,00 | 1.37 |=k.k3
k69 2.75| -2.98 | 13.68 | 3.4k} 18.99 | k.35 1.50 | 1.6h4 |=4.k6
Ti03 | 3.25| =3.45 | 1k.77 | 3.70]| 20.66 | L.67 2.00 | 1.88 |=h. 47
9.37 | 3.6h [ =3.81 2.50 | 2.07 | =h.46
14.,05F k.20 | k.32 3.48 | 2.43 |-k k2
18.75| L.62 | =4.68 5.00 | 2.83 | =4.35
23,40 4,93 | -, 92 T.50 | 3.36 | =k.30
28,10} 5.15 | =5.08 10.00 | 3.73 {-4.30
32.80| 5.29 -5.16 _ 12,50 | 4.05 | =k.37
37.50 | 5.37 | =5.17 15,00 | 4,29 | =4.b5
ko,20| 5.35 | =5.10 17.50 | 4.51 | =Lk.58
46.80 | 5.27 1} -4.96 18.70 | 458 | =k.67
51.50 | 5.11 | =k, 75 23.k0 | k.93 |=k.92
56.20 { 4,88 | «4.45
60.90 4.58 | =k.08 L.E.radius: 2.00,
65.60 | L4.20 | =3.65 center at (0.02,-2.15)
T0.30 | 3.77 | =3.15
875.00 | 3.26 | -2.58 Slat position when extended
100,00 .51 51

L.E.radius: 1.303,
center at
(1.303,~0.15)

&3traight lines from
TS5=~percent chord to
trailing edge.

Leading-~edge position:

X o o ¢ ¢ s ¢ o o

z ¢ & ¢ o e ¢ o o

Deflection, degrees (leading edge down). . 10

-12.314'
-2.06

~NACA_ .
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TABLE IT.~ GEOMETRIC DATA ON THE F~86A TEST ATRPLANE
Wing
Area, square feet . . . . . . . . . . . .4 i i e ... . 287.90
Span, feet . . . ¢ i i it t i i et e e e e e e e e 37.12
Aspeet ratio . . . 0 L i i i it it d e e e e e e ... BT9
Taper ratio @ o ¢ e o o s 4 8 e 8 e o e o o o « t e o o <DL
Dihedral angle, degrees . c o o e 5 s s o a s e o e 8 o o 3
Mean aerodynamic chord, feet . e e e . . .. .« .« « 8,09
Sweepback of the qparter-chord line, degrees e e« e ¢« o+« &« 35.2
Incidence of the root chord, degrees . « « « « o « « o o + « 1
Incidence of the tip chord, degrees e o o e + s e s e e = o =1
Twist, degrees (Washout} . . . . ¢« ¢« v v ¢ @ ¢ v o o o o « o 2
Trailing-edge flap (data for one side only)
Area, square feet . . . ¢ . 4 i 4 4t i 4 e e e e . . . . 16,26
Span of onme flap, feet . . . . . . Y T8 (o
Chord, conmstant, feet . . . . . . 4 v ¢ ¢ ¢ 0 v o o o . . 247
Maximum deflection, degrees . + +. ¢« + ¢« ¢ ¢ ¢« ¢ ¢ & « « « o« . 38
Gap, pPercent Of Wing chord . v « ¢ ¢« 4 o « o o « o« o o o « 1.5
Overhang, percent of wing chord . . . . . e e o o o 2.0
Inboard end of flap, feet from airplane center line « -+ . 2,18

Leading-edge slat (data for one side only)

Area, projected into wing-chord plane, square feet
Span, feet & ¢ & 4 4 ¢t b 6 e 4t e e s e e s e e
Chord, constant, feet . . . . . . . . . . . . ¢ ¢
Ratio of slat span to wing semispan . . . . « . . .
Inboard end of slat, feet from airplane center line
Deflection when extended, degrees e e s e s s s o

Horizontal tail

Total area, square feet . .
Spen, feet . . . . . . . .
Aspect ratio . . . . . . .
Taper ratio e o o o o o

Dihedral angle, degrees . . . .
Meen aerodynamic chord, feet . . . .
Sweepback of the qparter-chord line degrees .

] L[] [ ] L] .
¢ o o a

Fuselage

Over-all length, feet . . ... . . .
Meximum width, feet . . . . . . .
Fineness ratlo . . . . . . . . .

¢ s s e 8

* e ® o o =

s o o o o o
'—J
L
w
—~J
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TABLE ITT.- COORDINATES OF THE WING ATRFOIL SECTIONS NORMAL
TO THE WING QUARTER-CHORD LINE AT TWO SPAN STATIONS

[Dimensions given in inches]

Section at 0.467 semispan

Section at 0.857 semispan

Z Z
x Upper Lower x Upper LoweF
0 0.231 - - 0 -0.098 -- -
.119] .738 -0.307 .089 .278 -0, h6h
239 | .943 -.516 AT 420 -.605
.398 | 1.127 -.698 .295 .562 -.739
597 | 1.32Q -.895 k3 .70l -.879
.996 | 1.607 -1.196 .T38 .908 ~1.089
1.992 | 2.104 -1,703 1.476 1.273 ~1.L437
3,984 | 2.715 -2,358 2.952 1.730 ~1.878
5.976 | 3.121 -2.811 4 428 2,046 ~2.176
7.968 | 3.428 -3.161 5.903 2,290 ~-2.401
11.952 | 3.863 -3.687 8.855 2.648 -2.722
15.936 | 4,157 =L, 064 | -11.806 2.911 -2.0LL
19.920 | 4.357 k.. 364 14,758 3.10k -3.102
23.904 | 4.480 -4.573 17.710 3.24h -3.200
27.888 | 4.533 - -4, 719 20.661 3.333 =3.250
31.872 | k.525 -.800.| 23.613 3.380° -3.256
35.856 | bbbl =k.812 26.564 3.373 ~3.213
39.840 | 4.299 -, 758 29.516 - 3.322 -3.126
43.825 | 4,081 -4.638 32,467 3.219 ~2,.989
k7.809 | 3.808 =l k50 35.419 3.074 ~2.803
51.793 | 3.470 -k, 202 38.370 2.885 -2.57k
55.7T77 | 3.066 -3.891 Li.322 2.650 -2.302
59.761 | 2.603 -3.521 Ly 273 2.37h -1.986
ag3.785 | 2.079 -3.089 | aLh7,225 - 2.054 -1.625
83.681| ~.7hoO -—- 63.031 .321 - - -
L.E.radius: 1.202, center L.E.redius: 0.822, center

at (1.201, 0.216)

at (0.822, -0.093)

aStraight lines to trailing edge.

|
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TABLE IV.~ COORDINATES OF THE MODIFIED WING LEADING EDGE AT
TWO SPAN STATIONS, NORMAT. TO THE WING QUARTER~-CHORD LINE

[Dimensions given in inches]

17

-Section at 0.467 semispan Section at 0.857 semispan
Z z

X, Upper Lower x Upper Lower
-1.,692 | ~1.kh5 - - -1.250 -1.359 ---
-1.273] =-.348 -2.552 -.934 -.1k95 -2.,192
-.855 222 ~2.898 -.619 -.099 -2.454
-.k36 629 | -3.11% ~.30h 197 -2.609
-.018 969 |. -3.272 .011 456 -2.701
L0001 1.266 "=3.391 .326 675 -2.769
819} 1.527 -3.473 641 .867 -2.796
- 1.237| 1.760 -3.523 .956 1.0k0 -2.813
1.655} 1.952 -3.549 1.272 1.189 -2.821
1.992| 2.10k - - - 1.k76 1.273 - -~
2.0Th{ = - = -3.552 1.587 - - - -2.813
2,011| - - = ~3.531 2.217 - - -2.787
4,166 - - - -3.481 3.163 - - - -2.Th2
6.258| ~ - - -3.472 k. 739 -- - -2.709
8.350| = - = -3.542 6.314 - - -2.712
002 - = = -3.657 7.890 --- ~2.751
14,626 - - - -3.956 9.466 - == | -2.808
15.936 | = = = =l 06k 11.0h2 --- -2.885
11..806 - - - -2.94k4

L.E.radlus: 1,674, center L.E.redius: 1.261, center

et (=0.018, -1.kks5) et (0.011, =1.359)
- o .
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TABLE V.- SUMMARY, OF CONFIGURATIONS TESTED AND DATA PRESENTED .
Fi Configuration
Nou : Horizontal | oyRolds Data
Wing Flaps tail nunber
10(a) ' Up and| Normal
down
(1) Slets closed and open Off
11 Slats closed and open,|Up
sealed and unsealed Normal. 8.LUx108
12(a) Up and
. s down
tion 1._
('b) Modification oFF
13(a)|Slats closed Up
(b) Slat Cr, vs Cpya, Cp
Egg 8 open Down Normal
Up
(e) | Modification 1 Down
ik(a)]Slats closed Up o
gb% Slats open Down : off ; Variable
(g) Modification 1 gpm ¥
15 Slats closed and Up and f
open, and modifica- {down Normal CLma.x ve R
tion 1 .
16(=a) Up
(b)| Slats closed Down
(c) Up
Slats en
( dg P Down Tuft studies
e U
(¢} | Moai£ication 1 P Normal
(£) down 8.4x10°
17(2) |Slate open, and Up
modifications 1,2, .
(b){ and 3 Down Cy, vs Cp,a,yCp
18 Slats closed and open,|Up and| ILow posid
and modification 1 {down tion
-»
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TABLE VI.- SUMMARY OF ADDITIONAY, MODTFICATTIONS AND DEVICES
USED WITH WING MODIFICATION 1

NOTATION
Item B8tall device Iten Boundary-layer derics

1 ¥ing mod. 2 & Sharp discontinuity, la gap
2 | B33 weage spoiler b | Sharp dilcnnunuitr: .n:ﬁ gap
3 | 60Y wedge spoiler o | Delta vortex genarator
4 | M-inch-] plug spoiler d | Fenos
5 | 7~inch-high plug spoller e | Vortsx generator, small

£ | Vortex generator, large

19

CONFIRIRATIONS TESTED
Spanwise location, m Chordwige location, x/o
Sketch
Item| (Dimensions in inches excspt -] 4 unAATY- Boundary-
as noted) £+ %%5ta1 dovica 1.321- devios | Btall devics 1 .. sevice
1 | Bee fig. 5, detail & 0,38 J13% - 2h2
2 138 - 282 L.E.
2134 - 282
3 L.E.
138 — .22
3 As sbove -] 138 - 22U .055
l-—.!l—" L <70 at mi3-
3 -] a3k -~ 273 span,mounted
| ] L normat to ¥
5 | As above, but 7 inches high 0 <138 . 278 AS above
S__ i—apm
a e+ o .24 L.E.
X-x
-
° 0 .2 L.E.
64—
X-x
i g
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TABLE VI.- CONCLUDED

NACA

RM AS2B05

COKF IGURATIONS TESTED
Bpsnwise location, 7 Chordwise locetion, xfo
1t (Dizensio s?tg:ohe t 85, A
an nsions in s exoep , deg - -
as noted) f )sn.u device | 1 oren Ty ve| BtaL1 device|yE0nntaty, o
0,38 134 - 242 252
2a o 134 - (208 .208 L.E. L.E.
0 .13k - 282 282
20 o 134 - 242 242 L.E. L.E.
2a o JA34 - 242 .275 L.E. .15 to T.r.
2e ¢} 3% — 282 | 282 ana 264 L.E. «165
.70 at mid-
Sa o 138 - 273 242 span,mounted
normal to ¥
la 0,38 3% - 282 242 L.E. L.E.
1 g, 234 - 2h2 242 L.E. L.E.
.13% - (282 ].272 and .290k .18
72 90 18
272, .290; .
L.E.
1r T 134 - 282 .256 Mo
=+
f-563+
petail of F W13% - .2h2{.272 and .zsd .06
1,2p| B°° Ti&. 5, detail B 0,38 J134 -  2h2 .2%2 L.%. L.E.
(wing mod. 3)




TABLE VII.~- COMPARISON OF FREDICTED ARD MEASURED LIFT COEFFICIENTS FOR INITIAL STALL
AND TONGITUDINAL STABILITY BEYOND INITIAT, STALL; R, 3.2¢10°

.Cr, for Increase in Cr, |Tongltudinal stabllity
Wing configuration|Horlzontal| iInltial stall for Initial stall|beyond initisl stall
_ tail Predicted]| Meesured |[Predicted|Measured|Predicted |Measured
Slats closed, flaps up off 0.74 0.90 0 0 Unstable |Unstable
Slats open, flaps up On .8k 1.13 .10 .23 |[Stable |Stable
Slats open, flaps down| OFf 1.0 1.51 .66 .61 |Btable |[Reutral
Modificetion 1, off .99 1.22 25 .32 |[Unsteble |Umstable
flaps up
Modification 1, off .35 1,47 61 «57 |Unstable |Unpgtable
flaps down

SRaca”
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Dimensions wn feet
except as noted

NACA 0O0/e-64
(modified)

37.22°

Alternale
horizontal

fail position
0.25¢; lines

0.25¢ fine
25¢

NACA 00//-64
(modiified)

3754 - - ﬁJl
Fuselage ’l

\\Q - l }
_— 0
(%f — Momem‘_/ l QLS
center )
Alternate
horizontal

I /" center” line ' ]

tail position

\
.-cﬂﬁi

\—i-—-\—(‘i' '—'—: = —

Figure [.— Three-view skelch of the test airplane.
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\ Dimensions in Inches
unless ofherwise noted

Exfended. - Refracted

o wing reference plane

-

\-chord line

7776 13.020 -

. ' (a) Unmodified section showing slat extended and retracted

~E

Figure 3.- Details of the wing airfoil sections at 0857 -semispan, faken normal to the wing quarter-chord line.
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Dimensions in  inches |
unless  otherwise nofed

wing reference Q
olane ‘\ R

= 7‘ {
chord line 2 6:0'8229

~ - - Unmodiified profife

12617 <
\Hoafﬁed profile

b} Modified leading edge.

COHBGY WY VOVN

Figure 3.~ Concluded,

Le




Figure 4,— View of the test airplane with wing modification 1.
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2425 /.@

See details A, B\/

Unmodified
leading edge

Modified
/ead/hiy

Detail A — Wing mod. 2

Fuselage
center line

Plan view of left wing

) 3/32-inch tp radius

Unmodified
leading edge

Modified
leading edge

Section Xx-x enlarged

Detail 8 — Wing mod. 3

- W

- Figure 5.— Defalls of wing modifications 2 and 3.

-
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Flgure T.— View of wing modification 3 on the test alrplane.
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2.0

1.8

/6

p N
T

/.4

1.2

\o

~
Q

i

o

e |
S Rbe

© Slor closed

ﬁ‘ o Slat open

: <& Modifled leading edge

EN

Section [lift coefficient, g
o

N

T T

4 8 2 6 20 24 28 2z
Section angle of atfack, a,, deg

Figure 9.— Two-dimensional [ift curves for the wing section normal/
lo the wing quorfer-chord /line at 0857 semispan with slat
closed and open and with the modified /leading edge. R, 2/x 105,
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Lift cosfticiem, G
. b =~ ~ o~
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-
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i Y Mo,
| 3A &—Ar—-'
9
- O 1O
w44 ik i ” § 14
/] , ] 1
7 MO | /&‘ o
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' 4 Swats &, deg
A O Ghsed o '
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] O Qo 0O .
A COpen 38 3
Y, [TTTTT1 i
0 04 08 S £ B0 M .28 08 04 Q -~04 <08 < -6
Drag cosfficient, Gy o 4 .8 @2 ¥ 20 2 , Pifching-moment  cogfficierd, Gy

Angle of aftock, a, dag

{a) Horizontal tail in the normal position.

| ﬂ -c,..,/é

Figure 10~ Aerodynamic characteristics of the lest cirplane with the inmodified wing. R, 8.4 x 10
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Figure 10~ Conchided,
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Figure l.— Effects of sedaling the slals on the asrodynamic characteristics of the fest airplane. Horizonto! toil
in the normal position; R, 84 x10° .
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Lif¥ coerficient, G,

20
I8
= IJ !
] g o
L6 T ]EI"I //
o _ L
. :
4 V \"‘ a \\ ;)-I 1]
- -
/]
o i
A1 |/ )
8 - Ip 8
/ {/
]
X . -
4 &, deg
g L .
4 Oy Dl 0 o fr
__ﬂ. f o 38
2 :
o -G ..‘Z r( I |!| H
¢ o4 o8 2 s 20 M 25 08 o4 0 =04 -08 -/ -5
Drag cosfficlent, C, () 4 8 2 KB 20 M Fifehing-moment costfficient, G,

Angis of attoct, @, deg

{a) Horizontal fail in the normal pasiiion.

Figure 12~ Aerodynamic characleristics of the lest girplane with wing modificalion |. R, 8.4 X165,
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AR o 63
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e os 2 s 20 2¢ 28 o 4 & 2 s 20 24 28 32

Orag coesfficient, G, Angle of atfock, a, deg
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a8 04 O -04 =08 for R=32x/06
Pitching-moment cosfficient, Cy

(a} Slafs closed, flaps up.

Figure /3- Reynolds number effects on the oerodynamic characreristics of rhe fest airplone.
Horizontal fofl in the normof position.

mi--—-ﬁ—,



-NACA RM A52B0O5

L6
4 A N ]
12 o RKej i qE ' d
<0 of ot -
¥ y. s y.
8
R
5 6 o 32x/06 4
0..45 f i
4 o 63
; A 84
= 4 104 o4 o -
2 o 123
P o
o LLd] O 4
0O o4 08 2 6 20 24 M O 4 8 2 6 20 24 24 32
Orag coefficient, G, Angle of aftock,a, dsg
(6
i
L4
A 21 al
L2 Wox=;; o2
= 4 .
Q" /.'0 / y ﬂ/ J
§* 7 /
K 8 o) d ( 4 5
H Vium Y / -
6
3 P E 7 -
L G Oy a
N i )
I T A B TR T TR T 17
PF A Y W
O _ yi N E T y AT
o (o] a (7] o o

08 04 O -04 -08 for R=32xI0°
Pifching-moment cosfficient, C,,

(b} Slats open, flaps up.

Figure 13— Continued.
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Flgure /14— Reynolds number effscls on the cercdynamic characteristics of the fest airplane.
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